Abstract
Introduction
Economic development of dense urban areas requires effective mass transit planning. Such planning is driven by institutions, and the way these function can make all the difference in the way such plans are developed and implemented. A striking example of this can be seen in two communities that are close geographic, economic, and social neighbors, yet have strikingly different transit configurations with strikingly different results: the borough of Staten Island, New York, and neighboring Bayonne and Jersey City, New Jersey. Staten Island has a transit system almost entirely built around buses, while Bayonne and Jersey City have developed a multimodal system containing integrated light rail (LRT), heavy rail, and buses. Their economic outcomes are also strikingly different. While both are prosperous in terms of income, Bayonne and especially Jersey City have developed a far more diverse and high-quality job base. Staten Island remains primarily a "bedroom" community for people commuting to jobs elsewhere. This paper analyzes the links between the two areas, describes the different transit policies taken in each, assesses the outcomes of these different policies, and offers suggestions for ways in which transit and development links could be improved, in particular an extension of the Hudson-Bergen Light Rail (HBLR) into Staten Island. The paper also discusses the interim use of buses as a pre-development phase for LRT or bus rapid transit (BRT), focusing on the relatively new S89 route in Staten Island that now directly links to the HBLR and which immediately attracted strong ridership. The overall analysis is grounded on a brief review of the relevant literature on transit planning, policy, and economic development.
Mass Transit Planning in Dense Urban Areas
Large, dense cities must have some sort of transit system. The densities of population and economic activity in such areas are high enough to support a viable patronage, and the costs of not having transit, in terms of congestion, pollution, and other negative externalities provide additional justification and are imperative. There are also clear positive synergies in the form of direct effects on land value and the opening of desirable locations for social and economic activity.
Having transit does not, however, solve the question of what a system should look like, how it should evolve, and what technologies it should use. There are many examples of urban transit that have costs that appear to outweigh the benefits, at least in the short-and medium terms. Moreover, there are significant lags between costs and benefits, and some technologies, especially LRT and heavy-rail transit (HRT), have substantial capital costs that may take years or even decades to recover. As budgetary resources are always scarce, system design and phasing are critical to ensure that a useful and beneficial system is ultimately built, even if in phases.
A number of clear principles have emerged from the literature on general transit planning for urban areas with sufficient density. Transit multimodality is a foundational principle. In other words, municipalities need to employ a portfolio of transit technologies to meet the diverse needs and conditions presented by a given service area. In transit, these technologies are, generically speaking, bus, BRT, LRT, and heavy rail (HRT), with each category having multiple specific forms (Brown and Thompson 2009) .
Following from this is the notion that technology (generally) should fit the need rather than being imposed on an area and hoping for the best. HRT is excellent for some requirements, such as commuter travel between dense nodes, but less desirable for service in more spread out and less dense areas, where buses are often most economical and appropriate. Some systems, like LRT, require dedicated rights-ofway (ROW) that might not be available, or are perhaps inconsistently available. Often, multimodal mixed systems work best-for example, an LRT employing ROW where available and then transitioning to a bus where it is not. BRT is a good example of technology that can be especially flexible, with buses using dedicated busways where possible and then moving on to regular roads where necessary. The Silver Line in Boston is an example of this (Hensher 2007 ).
Routing and phasing of transit is another key issue. Patterns of residential and commercial activity across an urban space and across a time period will dictate what type of service should be provided, how frequent it is, and where it should go. Urban areas have become increasingly multi-destination, and trips have become increasingly multi-purpose, militating against the traditional peak/off-peak CBDto-suburb configurations that were the standard 50 years ago and which many systems (including New York City's) still largely focus on today. Use of a variety of technologies and across a variety of schedules and deployments can be especially effective in adapting existing infrastructure to changing conditions (Schumann 2006) .
Transit investment also can yield what Paul Mees calls the "network effect" even in the midst of low density and auto-based development. As Mees puts it, "Public transit (can) imitate the flexibility of the car by knitting different routes into a single multi-modal network. Making transfers between the different routes near effortless enables the public transit network to mimic the "go anywhere, anytime" flexibility of a road system (Mees 2010, 8) .
It is, of course, very important to meet current needs effectively. But it is also important to guide development through transit investment as well. There is certainly risk in such planning, especially of "white elephants," but future land uses cannot be simply left to chance with transit following in response. Risk and expense can be minimized in some cases by taking an "incremental" approach, developing or testing demand with buses first, then following with more capital-intensive transit such as BRT and LRT (Hensher 2007 ).
There are many benefits to getting transit right. By improving the public transportation system through the efficient use of transit technology, emissions are dramatically reduced, traffic congestion is relieved, and riders are provided with a reliable source of commuter service. Here again, the principles above come into play. "LRT stations need to be focal points of multimodalism" (Sungyop et al. 2007, 513) , says one author, and this is not just true of LRT but also of BRT and, in some cases such as large transit exchanges, buses as well.
The Tale of Two Cities: Staten Island and Bayonne/Jersey City An interesting sort of "natural experiment" on the effect on planning and policy on travel and economic development outcomes is occurring in the New York City area where one part of the city-the borough of Staten Island-has radically different transit policies and radically different outcomes than two communities just across the river, Bayonne and Jersey City, New Jersey. Bayonne, in particular, is less than a mile away from Port Richmond, Staten Island, and both communities were in similar places developmentally 40 years ago, but are now in very different places today, the main difference being public transport policy. It is, therefore, interesting to compare these two communities.
New York City has the highest transit usage rate in the United States. Yet many communities within New York City are underserved by public transit, especially for many of the four out of five New Yorkers who live outside the borough of Manhattan. Staten Island, in particular, has had a large increase in population growth, which has resulted in huge increases in travel; however, no major adjustments have been made to deal with that expansion.
Staten Island population reached 444,000 in 2000 and 470,000 in 2005 and is projected to reach a new height of 552,000 in 2030-a 24.4 percent growth rate increase, the highest in any borough (Fitzsimmons and Birch 2009 ). However, this estimate is lower than one provided by the U.S. Census indicating that Staten Island's population will reach 630,000 by 2030 (Cornell university 2008).
Yet there is a lack of general transit service in Staten Island because of the spatial imbalance between activity centers and transit infrastructure. Population growth in Staten Island has been prodigious, but transit planning to either guide or respond to that growth has been almost nonexistent. The system, which is primarily run on local and express buses, has not adapted to growth, nor does it serve a majority of the citizens who have to rely on automobile usage, thus causing traffic congestion.
Across the river from Staten Island in New Jersey are Bayonne and its neighbor, Jersey City. In the 1960s and 1970s, these once booming industrial communities became derelict in an era of post-industrialization. But, unlike Staten Island, Jersey City had a good rail connection to Manhattan via the Port Authority TransHudson (PATH) line (and HRT line), as well as a dense cluster of New Jersey Transit (NJT) commuter trains. As Manhattan's financial district boomed, Jersey City took advantage of this transit connection to actively lure the financial "back office" to a Gold Coast along the Hudson River that now bristles with high-rise buildings and expensive condominiums. There was also a movement of artists to Jersey City from Manhattan and the other boroughs, taking advantage of cheaper rents on the other side of the Hudson and easy transit access to the cultural amenities of New York City (Fitzsimmons and Birch 2009 ).
The fact that both Staten Island and Jersey City are roughly equidistant from Wall Street yet Jersey City has all the back-office operations says much about the power of development policy and transit infrastructure. The story becomes even more interesting when considering Bayonne. Bayonne did not initially share in the Jersey City boom. At the time, it had no good transit links to Jersey City and none to Manhattan. Its relative distance and isolation caused it to remain in the economic doldrums, despite offering much cheaper real estate. In this sense, Bayonne's economic condition closely mirrored the downtrodden Port Richmond neighborhood in Staten Island that was a mere mile away across the Kill Van Kull and which suffered from similar transit neglect. Figure 1 shows the geographic proximity of these two communities along with the rail infrastructure that existed in both places in the 1950s. The Hudson Bergen Light Rail New Jersey was proactive about Bayonne in a way that Staten Island has not been about its own transit-isolated communities (or, more properly speaking, New York City was, since Staten Island does not have independent planning authority and must work through city-wide institutions). The State of New Jersey decided to build the Hudson Bergen Light Rail (HBLR) to connect Bayonne with Jersey City and Hoboken and, through those communities, link the city with the wider metropolitan transit system. The HBLR began operation on a former freight rail easement in 2000, and a spur line to the West Side Avenue in Jersey City was added shortly afterwards. By 2002, service was extended to Hoboken Terminal. Service was than extended south to 22nd Street and north to Weehawken and to Union City in North Bergen.
The newest addition to the system is the elevated 8th Street station in Bayonne. Figure 3 shows this network and also shows the proximity of the end of this network to Staten Island. (Fitzsimmons and Birch 2009 ).
Ridership on this service has shown increasing numbers. The HBLR 20.6-mile light rail system operates with 23 stops and a daily ridership of 38,200 on a normal weekday. To eliminate the need to change between stations, the trains operate on three routes: West Side Avenue (Jersey City)-Tonnelle Avenue (North Bergen), Hoboken Terminal-Tonnelle Avenue (North Bergen), and 22nd Street (Bayonne)-Hoboken Terminal. Trains operate 5:00-1:00 am daily, running every 5 minutes during the peak period within the core of the system. Off-peak operation during a weekday is every 5-10 minutes (NJT 2010).
The economic development benefits have been pronounced as well. Development has obviously been most pronounced in Jersey City, but Bayonne has gone from no commercial development to 626,270 square feet approved and proposed (by 2003/2004) , while other nearby communities of similar size and character in Hudson County (Guttenberg, Harrison, and Kearny) had none (Fitzsimmons and Birch 2009) . For Bayonne, these effects can be said to be at least partly driven by the HBLR, which is the primary transit in the area. 
Light Rail Transit as a Gap-Filling Mode
LRT is quite often a "gap-filler" for existing transit, filling in holes in bus or rail service or extending the reach of those modes. U.S. statistics show that approximately 53.8 percent of light rail passengers drive and park at an LRT station, while 28.7 percent use bus as their mode of transit (9.1% are picked up/dropped off and 8.4% walk to the station) (Sungyop et al. 2007) . A total of 72.5 percent use LRT for a portion of their travel to and from school/work. This fits in with Mees' "network effect" concept as well, with different modes serving different needs but all being seamlessly linked to deliver trip flexibility.
The boroughs of New York City are an interesting case in this regard. There is a dense subway and commuter rail network, but outside of Manhattan (and even in a few areas in Manhattan), there are significant gaps which are infeasible, economically or practically, to fill with more HRT and yet which would be poorly served in many cases by traditional buses. Based upon a discussion with NJ Transit, the estimated cost of construction is $150 million dollars. New federal infrastructure is typically funded with 80 percent federal money and 20 percent local funding. This extension would include approximately 1.6 miles of track and could be expected to yield a probable ridership of 15,000 per weekday, which is actually the recommended HRT threshold for U.S. federal funding (the LRT threshold is 7,500). Still, these are forward estimates. Would actual ridership be that high if an LRT link between Staten Island and Bayonne was built? Fortunately, there is a good evidence to indicate a high probability of "yes."
Hudson Bergen Light Rail and Buses as a Market Test
Staten Island is linked to Bayonne by the Bayonne Bridge. When the Bayonne Bridge was built in 1931, sections of the roadway deck were reserved to accommodate heavy rail tracks (PANYNJ 2012). Some sort of rail transit was contemplated but, like many infrastructure projects of the era, the Great Depression literally derailed it.
Decades later, New Jersey's building of the HBLR on its side of the Bayonne Bridge has fulfilled a part of the original plan. The 8th Avenue station of that line is already built as an elevated station, so the infrastructure will mostly be in place for the extension of the service through the Bayonne Bridge should that be decided.
The market potential of more robust transit linkage between Staten Island and Bayonne has been effectively "empirically" tested through initial bus service along a potential LRT corridor in Staten Island that could form the basic spine of a connecting service to the HBLR. In 2007, the Metropolitan Transit Authority (MTA) established a bus route, S89, to link Staten Island with the HBLR. The S89 route begins at Richmond Avenue and Hylan Boulevard and completes its route at the 34th Street HBLR Station. However, this bus line only currently operates in peak AM and PM hours on weekdays and has no weekend service. In spite of these limitations, this bus route has shown that there are a promising number of commuters who depend on this daily service and also what an approximate viable alignment for a Staten Island LRT line could be. Figure 4 shows the S89 boardings in both directions. These loading counts show that the S89 has generated a strong and immediate ridership on a daily basis that is relatively broadly distributed, particularly along the northern half of the route. The "0" at the Northbound HBLR station indicates that everyone exits the bus at this stop; the "0" in the Southbound S89 bus station indicates the last S89 service stop.
What is generating this ridership? In a few words: the connection to the HBLR. The MTA reports that in 2009 S89 annual ridership was 233,067, with a daily average weekday ridership of 918 (Schumann 2006 Figure 5 shows in detail the distribution of theses license plates by ZIP code. This broadly confirms results of the HBLR study by Marchwinski et al. (1999) , the results of which are depicted in Figure 6 ). Based on the survey data conducted by both the College of Staten Island/NYS DMV and the NJ Transit HBLR report, 90 percent of the license plates belonged to Staten Islanders. The annual usage rates for Staten Island riders were expected to be at 281,060 riders, based on 353 Northbound and 322 Southbound riders on the S89 during a standard 260 business day year and the 198 recorded parked vehicles belonging to Staten Islanders driving both to and from the station. There is strong reason to believe that ridership on an LRT would be much greater than that of the current S89. The S89 is limited to people who live within walking distance of the route or those who transfer from a local bus to the S89 or park on the street. These riders are forced to take a minimum of two to three modes (walk, bus) of transport prior to arriving at the HBLR station. Even so, ridership has been strong. The creation of an LRT integrated with the HBLR would certainly increase both ridership and connectivity.
Another limit currently is that the S89 service provides access only to residents in close proximity of Richmond Avenue, with the rest of Staten Island underserved by any public transportation going to or from the HBLR. Frequency of service is also limited: this is a peak-only period service, running inbound (to NJ) from 5:25-8:22 AM and outbound (to SI) 3:55-7:25 PM. Increasing service frequency and connectivity through an LRT would deliver significant advantages to riders and likely significantly increase transit usage.
According to NY Transit's report from April 2008, the "HBLR has been successful in reducing peak period auto trips from Bayonne and Staten Island to downtown Jersey City employment centers" (PANYNJ 2012).
Rail Transit Access and Non-Auto Households
One of the more interesting questions in transportation is the impact of transit services on auto ownership and the frequency of non-car-owning households. The authors examined the five counties of New York City to observe the relationship between household proximity to the New York heavy rail system and non-carowning households using Geographic Information System (GIS) mapping of the 2010 Census data on automobile ownership and overlaying that with the New York City Heavy Rail Network (New York City Subway and Staten Island Railroad). Figure  7 provides an overview of that data.
The authors then selected the Census tracts that were within ½ mile of the heavy rail network and then calculated the number of households without cars and divided it by total households within that zone. We also calculated the share of no-car households in the areas outside of the heavy rail network. Based on this, we were able to calculate the conditional probability of a household living within ½ mile of the rail network given that they are zero-car households. It was found that 85 percent of households that did not own are car were within ½ mile of a heavy rail line. In New York City, while the overall percentage of households within ½ mile of the subway and rail system is very high (74.7%), the zero-car households tended to be even more concentrated. We found the exact opposite in terms of households with automobiles-they tended to be more likely to live outside of the ½-mile range of the heavy rail system. These results confirm the potential benefit of rail transit as a density magnet as well as supporting non-automobile households in a dense urban setting.
We estimate that the combination of a lower-density of transit network in regions outside of Manhattan creates the potential need for an additional 266,082 vehicles in New York City. In addition, the lack of a heavy rail network in many areas creates a need for an additional 339,464 vehicles. In total, the weaker rail systems in the Outer Boroughs of New York City create the need for more than 605,000 vehicles for city households, or roughly 30-34 percent of the private vehicles registered in New York City. This is based on the assumption that a household adds only one vehicle if outside the rail network. The potential exists to add two and three cars in some areas. Clearly, the location and development of further rail transit networks will have significant impacts on car ownership, even in a dense city like New York City.
Conclusions Figure 7 shows the potential that LRT, both the one discussed here and other possible corridors, such as the aforementioned North Shore Light Rail, could have in terms of transit connectivity. The status quo is shown here-i.e., Staten Island as almost completely cut off from the region's rail network. A relatively simple investment would change that picture radically. Through the development of a light rail over the Bayonne Bridge, an integrated transit network would be created, joining Bayonne to Staten Island. This merger would stimulate development through the region, reduce traffic congestion and emissions, and provide ample service to both communities. This extension could be a catalyst for additional mergers or the completion of track plans that had been abandoned. Through minor modification or redesign, facilities can provide services interlinking communities that were once only viable to travel by private vehicles.
Based upon the data in this paper, the implied Staten Island ridership via the S89 service is 91,780 annually and via automobile is 51,480 annually, bringing a total of 143,260 annual riders to HBLR service.
This case shows that robust transit linkages have a two-way relationship with economic development. Of course, it is well known that appropriately sited and planned linkages can lead to significant economic renewal. Based on the experience of Bayonne and the HBLR, a Staten Island LRT link will likely increase commercial development and revitalize development on the North Shore of Staten Island, spurring economic development and creating access to jobs that are currently limited because of inefficient transportation options. The introduction of transit-oriented development also will improve land values in the vicinity. New York City Mayor Michael Bloomberg supports the expansion of transit access to underserved areas, as Transportation Initiative 3 of PlanNYC 2030 indicates (NYC 2011) . This initiative lists the possibility of reopening the Staten Island North Shore Alignment, the abandoned rail line that runs from Arlington to the Ferry Terminal. PlanNYC also contains Initiative 4, which asks to "improve and expand bus service" (NYC 2011).
At the same time, economic development and the public/private institutions responsible for planning that development can be a key factor in determining whether useful transit investments are made or not. A mere mile separates Staten Island from Bayonne. And yet, the development and associated transport policies in the two jurisdictions are many miles apart. This institutional separation has led to an obvious, and economically wasteful, disparity in a region that is otherwise closely integrated. In that sense, the HBLR serves as a cautionary tale for other urban/suburban regions where there are close actual potential links that robust transit could serve well but that might be stymied by the artifices of political and administrative borders.
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